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ABSTRACT Purpose: To compare the lipid composition of human meibum across three 
different meibum expression techniques. Methods: Meibum was collected from five healthy 
non-contact lens wearers (aged 20-35 years) after cleaning the eyelid margin using three 
meibum expression methods: cotton buds (CB), meibomian gland evaluator (MGE) and 
meibomian gland forceps (MGF). Meibum was also collected using cotton buds without 
cleaning the eyelid margin (CBn). Lipids were analyzed by chip-based, nano-electrospray 
mass spectrometry (ESI-MS). Comparisons were made using linear mixed models. Results: 
Tandem MS enabled identification and quantification of over 200 lipid species across ten 
lipid classes. There were significant differences between collection techniques in the relative 
quantities of polar lipids obtained (P<.05). The MGE method returned smaller polar lipid 
quantities than the CB approaches. No significant differences were found between techniques 
for nonpolar lipids. No significant differences were found between cleaned and non-cleaned 
eyelids for polar or nonpolar lipids. Conclusion: Meibum expression technique influences 
the relative amount of phospholipids in the resulting sample. The highest amounts of 
phospholipids were detected with the CB approaches and the lowest with the MGE technique. 
Cleaning the eyelid margin prior to expression was not found to affect the lipid composition 
of the sample. This may be a consequence of the more forceful expression resulting in cell 
membrane contamination or higher risk of tear lipid contamination as a result of reflex 
tearing. 
KEY WORDS lipids, mass spectrometry, meibomian gland, meibum, meibum expression, 
phospholipids  
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I. Introduction 
The lipid layer of the human tear film is mainly produced by meibomian glands. 
These are modified sebaceous glands, located in the eyelid. There are typically around 20-30 
glands in the lower lid and 25-40 in the upper lid.1-3 Meibum, a waxy substance produced in 
the glands, spreads out over the anterior surface of the preocular tear film and has been 
widely thought to reduce evaporation.1,2 Recent opinion however, suggests that its role may 
be more accurately described as assisting in tear film spreading.4 Tear film lipids can be 
grouped into nonpolar and polar varieties. Nonpolar species form the outer part of the tear 
film lipid layer which is in contact with the air and constitutes >90% of its thickness, while 
polar lipids make up the remainder, are believed to interface between the aqueous and 
nonpolar layers5 and facilitate tear film stabilization.6,7 Species within the polar layer include 
(O-acyl)-omega-hydroxy fatty acid and phospholipid (PL). PLs include phosphatidylcholine, 
phosphatidylethanolamine, phosphatidylserine, sphingomyelins, lysphosphatidylcholines , 
and lysophosphatidylethanolamine  
There has been much controversy about the precise content and in particular the 
amount and consistency of PLs produced in human meibum.8-10 While several early 
studies5,11-13 reported finding PLs in meibum at concentrations up to 16%,5 later reports7, 14-17 
have indicated the amounts to be much lower or even absent. One variable factor among 
these studies was the method by which the sample was obtained, and this may have played a 
part in the manifest difference in findings.  
There are several ways to express and collect meibum from the meibomian glands. 
The most common technique involves squeezing the lid margin between two cotton buds and 
collecting the result with a spatula.10 However, techniques such as the meibomian gland 
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evaluator,17-20 forceps,17 swabs,21 brush,21 and microcapillary tube collection22 have also been 
described. These methods differ in several respects, including the risk of contamination, ease 
of application, and induced discomfort for the subject. In addition, the various methods of 
extracting meibum have the potential to create variation in the composition of the samples 
obtained.21 These factors add uncertainty to the interpretation of studies involving meibum 
analysis.8,9,21 
The purpose of this study was to compare the lipid composition of meibum obtained 
from three different expression techniques, and to investigate the effects of eyelid cleaning on 
lipid composition. The three techniques chosen were: cotton buds (CB), the meibomian gland 
evaluator (MGE), and meibomian gland forceps (MGF). 
 
II. Methods 
A. Clinical Phase 
Meibum samples were collected from five non-contact lens wearers aged 20-35 years 
old, using four expression techniques, over a period of 8 days. Research from Blackie et al23 
has shown that the recovery time of a gland after expression is approximately 2 hours; 
however, a rest period of one day between collections was allowed. Samples were taken by 
the same investigator, from the same eye (chosen at random prior to commencement), across 
all visits, at the same time of day (at least 2 hours after waking). No anesthetics were used 
during any of the procedures. The order of the expression techniques was randomized using 
an online randomizing program (www.randomizer.org).  
None of the participants had any symptoms of dry eye as indicated by the Ocular 
Comfort Index,24 which was administered to all subjects at the beginning of the study. There 
were no signs of lid margin abnormalities,25,26 and normal meibum expression was confirmed 
by observing the expulsion of clear fluid from all the meibomian gland orifices27 on mild 
digital pressure. All participants signed informed consent before enrollment, and the study 
was conducted in compliance with the tenets of the Declaration of Helsinki (2013) and 
approved by the Human Research Ethics Committee (HREC) of the University of New South 
Wales.  
The eyelid margin was cleaned prior to meibum expression by a gentle swabbing with 
a cotton bud soaked in sterile saline (AstraZeneca, North Ryde, Australia). Cleaning was 
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performed with the rationale that it would reduce potential contamination from epithelial cells 
or tear derived lipids. The cotton bud technique was also used without eyelid margin cleaning 
(CBn).  
To express meibum with the cotton bud techniques (CB and CBn), one bud was 
placed on the inside of the lower eyelid margin and the other on the outside, just below the 
eyelashes and gently squeezed together to express meibum (Figure 1A and B). The MGE 
(Tearscience, Morrisville, NC) has been fully described elsewhere (Figure 1C).18-20 The 
device consists of a spring-loaded plunger housed in a hand-held surround that permits 
steady, gentle pressure (1.25g/mm²) to be applied to the eyelid.20 The MGE was placed below 
the eyelash line of the lower eyelid and held in this position for 10 seconds. Using this 
technique, approximately 8 glands are expressed simultaneously.  
The MGF method expresses meibum from the lower eyelid using Entropium Forceps, 
(SNELLEN, Vital Medical Supplies, Sydney), an instrument normally used during the 
surgical correction of entropion. The area of the lid exposed to the pressure plate with this 
device was similar to that of the MGE, involving approximately 8 glands at a time.  
In all cases, meibum was collected from the whole eyelid by moving the expressing 
device from the nasal through central to temporal eyelid margin. Once expressed, meibum 
was collected by scraping a metal spatula (ProSciTech, Thuringowa, Australia) along the 
eyelid margin after gently pulling the eyelid away from the globe to reduce contamination by 
tears. The meibum sample was dissolved in 1 mL chloroform (CHROMASOLV Plus, Sigma-
Aldrich Canada LTD, Oakville) in a glass vial immediately after collection, and evaporated 
with nitrogen gas on a hot plate (34⁰ C) 60 minutes after collection and stored in a -80⁰ C 
freezer until analyzed.     
B. Laboratory Phase 
Mass spectra were acquired by direct infusion using a chip based nano-electrospray 
ionization source (TriVersa Nanomate, Advion, Ithaca, NY) coupled to a hybrid linear ion 
trap-triple quadrupole mass spectrometer (QTRAP® 5500, ABSCIEX, Foster City, CA) Data 
were analyzed with LipidView® (ABSCIEX) software version 1.1, with quantification 
achieved by comparison of the peak area of individual lipids to their class-specific internal 
standards after isotope correction. Species were identified according to their lipid class, 
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carbon chain length, and number of double bonds. Lipid classes were determined as the sum 
total of all molecular lipid species in each class. 
Individual lipid species were grouped in their lipid classes as either nonpolar group: 
cholesteryl ester (CE), free cholesterol (FC), wax ester (WE) and triacylglyceride (TAG) or 
polar group: (O-acyl)-omega-hydroxy fatty acid (OAHFA), phosphatidylcholine (PC), 
phosphatidylethanolamine (PE), phosphatidylserine (PS), sphingomyelins (SM), 
lysphosphatidylcholines (LPC), and lysophosphatidylethanolamine (LPE). 
C. Data Analysis 
Following per-sample quantification, individual lipid species were normalized with 
respect to total lipid in the sample. Accurate weights of meibum samples were not obtained 
during collection; therefore, comparison on a normalized basis was deemed appropriate. 
Results are reported as the relative amount (mole percentage) of total lipid.  
Meibum samples (n=5) collected by each expression technique were compared 
statistically using a linear mixed model. Subjects were entered as random intercepts and 
techniques were entered as fixed variables. The effect of method type on lipid species within 
each lipid class was examined. If the interaction of method with lipid class was significant, 
the significance of method was determined for each lipid species. Statistical significance was 
set at P<.05. Main effects were compared with Bonferroni correction post hoc testing.  
 
III. Results 
The study population was predominantly female (4/5), without dry eye symptoms and 
with a mean age of 29.2 ± 3.3 years. Nonpolar lipids constituted 96% of all meibum samples 
with polar lipids accounting for the remaining 4%.  
Figure 2 shows that on average, across the techniques, CEs represented the major 
component (46.41% ± 1.44) of the nonpolar lipids, with at least 60 different molecular 
species observed. These ranged from CE 15:0 to CE 34:2. For WE (42.16% ± 1.22) and TAG 
(3.25% ± 0.27), there were 36 and 31 species, respectively. In polar lipids, OAHFA was the 
major class (3.82% ± 0.28) with 103 species. PL (0.14% ± 0.06) accounted for 68 species, 
which included PC (0.02% ± 0.02), PE (0.03% ± 0.01), PS (>0.01% ± 0.01), SM (0.01% ± 
0.00), LPC (0.04% ± 0.04) and LPE (0.04% ± 0.01). 
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The relative proportion of total detected PLs (PC, PE, PS, SM, LPC and LPE) was the 
highest for the CBn technique (0.21%) and the lowest with the MGE technique (0.08%). 
There were significant differences between methods in the polar lipids LPC (P=.009), PC 
(P=.000) and SM (P=.015) (Table 1). Post hoc analysis showed that the MGE returned 
significantly less LPC, PC and SM than the CBn technique (P=.019, P=.037, P=.016 
respectively), while MGF produced significantly less LPC than the CBn technique (P=.020). 
Finally, the CB method returned significantly more PC than either the MGE or MGF 
techniques (P=.001 and P=.003, respectively) (Tables 1 and 2).  
No significant differences were found for the main effect of “technique” on nonpolar 
lipids (P>.05). 
IV. Discussion 
The results presented above indicate that the relative amounts of PLs found in 
meibum samples can be expected to vary depending on the expression method employed. The 
MGE device returned the lowest relative amount of PLs, followed by the MGF technique, 
while the CB approaches returned the highest amounts. The dominant factor in understanding 
these differences is that the most abundant PL class, namely PC, was relatively scarce when 
collecting with either the MGE or MGF but was more abundant during CB expression. Such 
differences are consistent with previous literature suggesting that expression and/or the 
collection techniques influence the amount of PLs returned,6-8,21 and is of interest, given the 
controversy over the amount and consistency of this particular lipid class found in human 
meibum.7-10,13,15,16,22,28-30 It now seems evident that at least part of this uncertainty has been 
caused by a lack of standardization during sample collection. 
There are a number of possible explanations for this variability in PL content, 
including that the meibum produced by glands may genuinely alter as a result of expression 
forces. Perhaps more likely, however, is the potential for PLs to be introduced as a 
contaminant during the expression process.  
This second possibility follows from the fact that meibomian glands function in a 
holocrine secretion mode. Here, meibocytes produce lipid in their cytoplasm, and this is 
released when the cell nucleus and membrane undergo lysis. It is during this process that 
phospholipids might be introduced, because these species are inherently present in the cell 
membrane.6,31  
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Tiffany was one of the first to speculate that different meibum expression techniques 
could potentially be the cause of the variation in phospholipids between subjects.30 During 
forceful expression, it is hypothesized by Butovich et al9 that the additional applied 
mechanical force might increase the likelihood of membrane rupture and involve a population 
of less mature meibocytes, whose cell membranes are not fully disintegrated.31 The premature 
disruption of these cells9 would release more phospholipids than would be expected in the 
absence of lid manipulation.15,29 Thus, while forceful expression techniques have the 
advantage that larger amounts of meibum can be collected,15,16 they may also induce a higher 
risk of contamination.  
Although Butovich et al9 did not find that meibocyte membrane PLs and cellular 
debris contaminated meibum samples under forced expression,15,16 it should be noted that 
these experiments were conducted on excised tissue. When meibum was carefully collected 
from human subjects with a micro capillary tube, a technique that causes little subjective 
irritation, Chen et al22 found no phospholipid content.  
Another possible source of contamination is provided by tear. As a high phospholipid 
content is consistently reported for tear samples,17,28,32-34 only a minute amount of tear would 
need to come into contact with meibum to precipitate a detection signal for phospholipids. 
The chance of contamination, by cellular debris or tear, differs among the various expression 
techniques. For example, participants often reported discomfort with the cotton bud 
approaches. Reflex tearing was thus a more common occurrence than it was for the MGE and 
MGF techniques and with that comes a commensurate increase in the potential for meibum 
contamination. This problem was pointed out by Haworth et al,21 who also found differences 
in PLs between four methods of meibum expression and storage. Unfortunately, because the 
participants in that study were not common across the sampled groups, a direct comparison 
with the current data is not possible.  
In terms of deciding which of the various techniques to use, one approach might be to 
assume that the amount of PLs detected in a meibum sample is an indication of the level of 
contamination. In that case, the MGE would be the recommended collection method. From a 
clinical perspective also, this was the easiest instrument to apply and was least dependent on 
investigator handling skills. Practically speaking, however, there are likely to be cases of 
meibomian gland dysfunction for which this device is not forceful enough to express blocked 
glands and yield sufficient meibum for collection. Thus, as there were no significant 
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differences between the techniques in general, the MGF can provide an acceptable alternative 
when a higher quantity of meibum is required for analysis. Clinicians may need some training 
to utilize the forceps to express meibum; however, the procedure should present few 
difficulties in most cases. Initially, the appearance of the forceps will be a concern to some 
subjects. However, in skilled hands, the process is not uncomfortable and reassurance can be 
confidently given.  
Comparisons between the expression methods showed that cleaning the eyelid margin 
prior to expression had no significant effect on the measured lipid composition between the 
two cotton bud approaches. These data tend to allay fears raised by Haworth et al,21 who 
hypothesized that cleaning of the eyelid margin prior to expression and collection would 
change the natural state of the eyelid as well as stimulate reflex tearing. Differences that 
might have been expected between the CBn and CB approaches due to PLs contamination 
from cells and tears of the eyelid margin appear to be insubstantial. 
V. Conclusion  
Although effects are relatively small, the way in which meibum is expressed can 
affect the relative amount of PLs in the resulting sample. Levels of PL are the highest with 
the CB approaches and the lowest with the MGE technique. This may be a consequence of 
the more forceful expression from CB approaches resulting in cell membrane contamination 
or a higher risk of contamination by tear film lipids as a result of reflex tearing. Although the 
MGE is slightly preferred, the MGF provides an alternative in cases where a greater amount 
of meibum is required for effective analysis. Cleaning the eyelid margin prior to expression 
does not affect the lipid composition of the sample. These results suggest that investigators 
should carefully consider the choice of expression method, as this can affect the lipid content 
of the resulting sample.  
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Figure 1. A: Cotton Bud technique without eyelid margin cleaning prior to collection 
(CBn), B: Cotton Bud technique with eyelid margin cleaning prior to 
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collection (CB), C: Meibomian Gland Evaluator (MGE), D: Meibomian Gland 
Forceps (MGF) 
   
Figure 2.  The average relative amount of lipids per class across the CB, CBn, MGE and 
MGF techniques (% ± SD).  
 
INSTRUCTION TO COMPOSITOR: Place Abbreviation list on page 2 of article. 
_________________________________________________________________________ 
Abbreviations  
CB Cotton Bud technique with eyelid margin cleaning prior to collection 
CBn Cotton Bud technique without eyelid margin cleaning prior to collection  
CE Cholesteryl ester 
FC Free cholesterol 
LPC Lysphosphatidylcholines 
LPE Lysophosphatidylethanolamine 
MGE Meibomian Gland Evaluator 
MGF Meibomian Gland Forceps 
OAHFA (O-acyl)-omega-hydroxy fatty acid 
PC Phosphatidylcholine 
PE Phosphatidylethanolamine 
PL Phospholipid 
PS Phosphatidylserine 
SM Sphingomyelins 
TAG Triacylglyceride 
WE Wax ester 
_________________________________________________ 
 
 
 
 
 
 
Table 1. Relative proportion (mole %) of the lipids in each class by technique (mean of 
5 subjects ± standard deviation (SD)). P values in bold indicate significant 
differences between techniques for each lipid class (Linear mixed model). 
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 CBn CB MGE MGF Sig 
 MEAN ± SD 
(%) 
MEAN ± SD 
(%) 
MEAN ± SD 
(%) 
MEAN ± SD 
(%) 
(P value) 
Polar 
Lipids 
  
 
 
 
 
 
 
 
OAHFA 4.20 ± 0.42 3.72 ± 0.74 3.54 ± 0.76 3.81 ± 0.71 .886 
PL 
LP
C 
0.09 ± 0.10 
0.05 ± 0.04 0.01 ± 0.00 0.01 ± 0.01 .009 
LP
E 
0.04 ± 0.01 
0.04 ± 0.02 0.03 ± 0.02 0.05 ± 0.02 .067 
PC 0.03 ± 0.01 0.04 ± 0.03 0.01 ± 0.00 0.01 ± 0.01 <.001 
PE 0.04 ± 0.01 0.03 ± 0.02 0.02 ± 0.02 0.03 ± 0.02 .223 
PS 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.01 ± 0.03 .133 
SM 0.01 ± 0.01 0.01 ± 0.01 0.01 ± 0.00 0.01 ± 0.01 .015 
Nonpolar Lipids 
CE 47.33 ± 4.08 44.28 ± 4.50 47.20 ± 2.76 46.84 ± 2.81 .946 
FC 4.14 ± 0.28 4.91 ± 2.13 3.34 ± 0.72 4.48 ± 3.07 .599 
TAG 3.42 ± 0.90 3.52 ± 1.41 2.95 ± 1.10 3.10 ± 1.57 .686 
WE 40.70 ± 4.06 43.40 ± 3.49 42.90 ± 4.04 41.65 ± 2.44 .982 
 
 
 
 
 
 
 
 
Table 2. Post hoc comparisons of phospholipids component differences in polar 
lipids (P values). 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 15
PHOSPHOLIPIDS  
LPC  SM  
(P 
values) CBn CB MGE MGF 
CBn - .578 .019 .020 
CB  - 1.000 1.000 
MGE   - 1.000 
MGF    - 
 
(Pvalues) CBn CB MGE MGF 
CBn - 1.000 .016 .128 
CB  - .346 1.000 
MGE   - 1.000 
MGF    - 
 
  
PC   
(P 
values) CBn CB MGE MGF 
CBn - 1.000 .037 .090 
CB  - .001 .003 
MGE   - 1.000 
MGF    - 
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Figure 2.  The average relative amount of lipids per class across the CB, CBn, MGE and MGF 
techniques (% ± SD).  
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